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Spectrometer of LH 0 
Morita, S., Goto, M., Muto, S. 
A crystal spectrometer has been constructed for 
measurements of ion temperature and toroidal rotation 
velocity in a central column of LHD plasmas using Doppler 
broadening and Doppler shift of X-ray lines from He-like 
and H-like metallic impurity ions. Four curved crystals are 
installed in a tetrahedral holder as follows; 
Quartz(2243) 2d=2.028A for FeXXV, FeXXVI 
Quartz(3140) 2d=2.360A for CrXXIII, CrXXIV 
Quartz(2023) 2d=2.749A for TiXXI, TiXXII 
Quartz(2020) 2d=4.246A for ArXVII, ArXVIII 
The curvature of the crystal is 3m and the size of the crystal 
is SOx80mm2. The argon lines are used for a special case 
that the electron temperature is less than Ike V. 
X-ray energy spectra are routinely obtained from 
pulse-height analysis of Si(Li) detectors. A typical 
example of them is shown in Fig.l. The x-ray lines from 
metallic impurities are clearly seen. The chromium, iron 
and nickel ions are originated in the material of vacuum 
vessel made of stainless steel. The titanium gettering is 
carried out to suppress the influx of hydrogen and oxygen. 
A typical example of the TiXXI x-ray line profile 
taken from LHD NBI plasmas is plotted in Fig.2. A 
back-illuminated CCD (13.3x 13.3mm2, I 024x 1024chs, 
13I1m/pixel) is tentatively used as a detector. Since the 
detector size is relatively small in comparison with the focal 
length of the crystal spectrometer, only the resonance line is 
observed. Then, the line is consisted of roughly 700 
channels of CCD, although it depends on the Doppler 
broadening width. The background level of the line 
increases at higher wavelength side (larger channel number 
side). This is a contribution from n>3 Li-like dielectronic 
satellites. The dispersion was 3.92x 10-6A/ch and the 
resolution of the toroidal rotation velocity was 
O.7Skm/sec/ch. 
A typical example of measured Ion temperature 
and toro idal rotation is plotted in Fig.3. The data are taken 
from steady state operation of NBI plasmas. In this case 
the discharge is maintained during 80sec. The ion 
temperature in the top figure indicates a constant value of 
1.6keV and the toroidal rotation velocity in the middle 
figure also indicates a constant value of 3-4 km/sec . Only 
the TiXXI intensity is repeated up and down. Up to nm".' 
an automatic density feed back system is limited to a 
discharge less than I Osec. So, the undulation of the 
intensity is affected by the density change brought from 
manually operated gas pulTing system. 
In the next campaign we usc a bigger sil.e CCD 
like 27x27mm2. Dielectronic satellite lines will be 
measured together with the resonance line. An observation 
(11' x-ray lines of another clements will be tried. 
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Fig.1 X-ray energy spectrum from Si(Li) PHA. 
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Fig,2 Typical example of TiXXI (2,61 A) He-like 
resonance line profile. 
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Fig.3 Time behaviors of ion temperature, toroidal rotation 
and TiXXI intensity during NBI steady state operation of 
ROsec. 
